THE DESIGN OF AN ALL-WELDED? 
120' SFAN, TWO UNE, 

DECK HIGHWAY BRIDGE 



^AkLB MORROW CASSIDY 
CARL WARREN OTTO 



Library 

U. S. Naval Postgraduate School 
Annapolis, Md. 



i 




11 




THL DiSIS CF Ul hUj-..2DrD, 



120' SPAtJj -f-.O [A'X^K H.'Oif.AY aUX 



By 



Farle .orrow Jassidy 
G&rl .jari'sn Otto 



Subuiitted to th« Faculty of 
Rensselaer lolytoctinic Institute 
in partial fulfill, .icnt of the 
ro<iuir&4ents for the uocroQ of 
iLtstor of Civil iit/jineoring 



Troy, fiev; York 
Juno, 1949 






The authors are gratefully indebted to 
Dr, J. Cterlixifi Kiiuiey for his aid and guidance 
throughout the preparation of this paper. And 
to Mr. A. Arairikian the authors express their 
sincere appreciation for his valuable critiois^fiS 
and suggestions. 



3 






Int3^>duction 

Including a brief history of brld|.-e 

weldla^, sorie general deaijn oonsiaerations, 

and an evaluation of the structure. L 

Desii^n Proceduire 

V.ith G’.piuisis onf tho otirticular i^robloao 

corisidoi'ed in the design of each 

structural component. 12 

Design Gaaputatlons 

'.'.tth reference to preiirdnary designs 

and thoir shortcor-ings, and a tabulation 

of the final dosijn calculations, 26 

Bibliography 62 

Index 6if 

Appended Drawings 



Including plans, elevations, cross- 
sections, and details of ail important 
menbers and connections. 






■1 




INTiiODUCTlC»i 







A'i 







‘O' 




La the years pracodinij !»orld ’.ar II woldirii' was oonsidorod a struc- 
tural outcast. Thu Gavoral cortnittees aaa associations i'osponsible for 
the standard specifications a;iu procedures vl&tiod woldinj as adequate 
for ninoi’ stiniotural fabrication, whore stresses wore for all practical 
considerations prodo:ninately static. The dynamic load properties of 
welded oonnecLioria were untested, and tne construct ioi\ field felt a vatjue 
understandable fear of its uso in „;ulti-...illion dollar buildiaf;r) aiid 
brida'es . 

Today, the field testing] of welding? is over, -ilitary and indus- 
trial application of v/eldinj to our war uiachiao nuods jave oon- 

vincinj evidence to en^-ineers that a welded joint, properly understood, 
could do its job ch'aaply ariu succossfuily. how all tnat re;.iains is to 
overco.ne the inertia of the specifications ana codes. 

Ln the latest printing' of the Aauricaa Association of btato Fiijh- 
way Officials' standard Specifications for llirh'.vay oridjes (19^>4), 
weldin.^; is classified us por.clssiblo on ix^cidental parts of the structure 
only, ’.•'arn the specifications, ""eldinfj ia not reco;'.i.iended Ln *.unin ae;c- 
bers or their connections whore the failure of the weld would endanger 
the stability of the structure.” AhaL a blow to the propenonts of welding! 
Vihilo these ji.A.h.H.O. standards serve as a guide for uost highway bridge 
construction, ooriC states in the years since 1%0 iiave recognized the 
value of welding as an economic fabrication uediu-i anu have assu, wd re- 
sponsibility for the construction of several welded highway bridges. 
California and hew lorK, with a great nuubor of .lilos of highways and 
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nuTisrous bridt'es to acco .nodata them, havo been laaaei-s ii\ the jro.uobion 
of the welded structure. 

At this tiao the r;«>st popular ap.^lication of bridije vjolditij tecii- 
niquo is to tho dec.-; t;;ird©r ana tiro rijid fra.;ie types. These are all of 
luoderata spans in the nei^’hborhood of sixty to ©iijhty feet, soldoni ©x~ 
ceediria' 100 feet, jjoth of these bridge types present a neat unobstructed 
roadway for the i;x>torist utilizing tho!:i. In elevation, also, they tend 
to give a pleasing architectural effect if such an effect is considered in 
design. For this reason their use is extensive at jraoe elii.ilaotions and 
for suburban strca,u crossings. V.hen considered architecturally, tho fun- 
damental clwanlineos of shape and Joints of a vfoldcd structure often 
elliinatf the necessity for a co.iplsx exterior veneer of stone or coacroto 
to dress up the bridge. 

An additional ecoaociic advantn^c is offered by the use of a coa- 
posite steel bean and conorata slab. In tnis design /iOt .od the concrote 
floor slab of a deck-typo bridge acts as a part of tho conpression flange 
of each of the welded girders. Ail that is repairaci for sue i oovis-oeite 
action is an adequate iaaans of resistiiig the shear between tiio steel beaa 
and the coacrato. Shear keys, fastened to the Ooa:.i ilangs and Liibodded 
in ths concrete, arc the answer. So far, riveted shear xeys imve not 
proved satisfactory; ail their difficulties have bean overco.ao by use of 
a welded shear key. 

Consideriiig these facts, it is apparent tnat a bri,j!it future exists 
for tho welded bridge. It con succassfuiiy caaput© with riveted bridges 
using old-style design and aatorials tliat wore developed for tho peculiar 
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needs of riveted v?ork. />ndj ha .ibti'urji]; by lany of t.ie oiu bpecif^cations, 
it can still prove itself a cheaper, botter-lookin(j, lonjer-lastuii; bridjje. 

Perhaps t,he welded brid^je coula be ..lUch better yet, if it woi'o uo- 
sijned £ro.n scratch as a welder. KtrucLure, not Just a bridijo for which 
welds are substituted for rivets. This ia uu carreat Uiou^iiL tn. t drifts 
throU;jh the industr.' too..y. j. ;;ooa ..any tcchtilcai articles ai-.a several 
competitions have stressed the desirability of bz'eakin^ away froia the old 
patterns of riveted construction. Tho optl'Tsaii welded brid£:e nay iiave 
vastly different structural oharacterintics than that vt.i ch i.-i considered 
correct today. Oj.ly design invest ion of the reaoLcst possibilities 
in all thoir ..yriau combinations will produce the ansv?er. 

In an effort to advance one step toward that ;;oal this thesis has 
bean undertaken. 

Tho dosijjn of a welded bridge, discarniny the fasailiar specifications, 
procedure, and rmteriais, is a tedious undartaki.ng. As n steadying in- 
fluence, the authors elected to design the structure accorJing to the 
conpatitive restrictions of the James F. Lincoln nra Voiding Foundation's 
’..'oldod bridf^cs of the t'Xiture award program for 1949. It was felt that if 
the finished design had sufficient i.icrit it could be submitted as a contest 
entry with the perfor-iance of tho aaditional work required for detailed 
drawings and cost esti-^iates. 

For this design tho bridge vsas classified as a two-lane deck highway 
bridge supported on piers 120 feet a^mai-t. The design of the piers or 
abutments was not considered, Tlie require, ments of the stool satisfied 
A,C,T.h,-A7-46 specifications. For profmortionijig laanbcro, detor.nining 
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allowable unit stresses, and slein^ nelcis used in the fabrication the 
1%7 edition of tho btaaciard Specifications for r.oidod Hipiuav an^. iOilroad 
Dridjes of the /jaarican .'eldind Society wore followed. Contest specifica- 
tions desitjnated tho lounings to be applied to tho des..jasu structare. 

Those other features of tho design nor..Lally considered by specifications 
when desl;;ning a rivetod bridge were evaluated w-ith reference to a WGlded 
structuro. The authors atte gled to judge logically th-.. ncccss..lj for 
the use of these oiu specif ications. Any that should ap;,ly or see led to 
apply wore ^ivea consideration In the solution of the probls i. 

A doliborato atto;apt was lade L .. incorporate into tho bridge struc- 
ture new or seldora used shapes. This has resulted in a sti-uctural system 
which, to tho knowledge of the authors, is as yet uatriod. It ia funda- 
mentally a bacKbono-and-rib system, utilising a single box-shaped girder 
as the primary vertebrae resisti:ig shear, bending, and torsion. Trana- 
aitting loads to the girder arc tho eight pairs of ribs or floor boaas. 
These beams have a wide-flange ty”)c cross-section aaJ are cantilevered 
from tho ,_,irder to give suprort to the floor systc . and its stringers. 

To econo.aicelly utilize the nctal in those floor beaus their vortical 
longitudinal section has boon designed as a wedge section, a section su^’- 
gested only recently by A. Aznirikian for use in rcill buildings, shops, 
warehouses, and siriiluir structures foraorly requiring rigid frames and 
trusses to sf^an large floor areas. 

Architecturally, the thinnest possible elevation that was presented 
to the eye seemed to bo desirable. Tiio use of the wedge btm.is tends to 
accentuate this thinness fro ^ aLiosL any position that ti ;0 observer .light 
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salect. In ox’dcr to broa.: t.,o otneimiiso Ion" (I2u foot; strai^nt l.^.Le 
of the botto.1 rinrijo of the ^irdac, t'.u io o!iap-3d to a para'jolic 

curve risiuj ti.i’ee feet at aid-s.an, i'his is also an cc--ao:aioai. solution 
fox- fixity of the ends of tiio {girder, a condition iacor oratea in tho 
desljn. „s a xroault of those features, tho briUtja prasoxits a 
Graceful, willowy silhouette that is ideally suited for ji’ano-crossinj 
eliminations and st.rca i crossiajs iii suburbiui areas. 

Tho valve of the torsional shear that would bo apjxLied was xauch 
3f.xaller than first ^tiessca !-iad eotl'ialcd, I»o previous litex'atarc v;Xis 
located to ,jive any hint as to the ,;iijnitude of this shear and e^rly in 
the desijn there was aoae doubt in the authors' ainds us to the ability 
of a reasonable rirder section to resist the 'Xiaxirau torque condition. 

A nodern two-lane 24-foot highway is asoa;isci to be served oy the 
bridge. As recomxixcndod b;/ safety considerations, tho bridge rooOTay is 
widened to 26 fact betwcexi cux’ba and 29 feot clear between juax\; I’uilinro, 
The curbs are flared at the arproaches to prevent ve nicies fro.r» striking 
the rail end posts. Ho sid«jvial/.s wore dcsijned, aIthou,;h taoj rcay 

be installed without i!.oi-ea3i.n,y the si5;,o of any of tho px’asent ijaixi 
structural tiombers. Occasional padesti'ians nay cross by usioG the 16 
inch curb top. 

By trying s;iall scale clsvationo of the bridge and usinj differextt 
jmnel lengths for each, a sovan-panel design vw-is chosen as uost pleasing 
architecturally, Tho standaivi paxiel is 17 feot. To overcoae the Sihort- 
ening illusipn of the solid vuilicai abut.'uont wall upon the end panels, 
the end bearing connection was placed beyond the last floor beam, 

A light-weight floor aysto.i ttot utilises wold in. j to fasten it to 
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the strincors is the U. S. Steel Co,v->eay*3 AiViored i-3aa:j-Lok. It is a 
steel (^rid floor filled -.vith loti-jrada coaorete. It i.s tack wa].ded to 
each strinjei' to ^ivc a stractare stront,' eno..jh to resist t..e lateral 
forces applied by Kind and ifiteral loads. The floor slrlnjero run 
lonfiitudinally at an assu'iod spacing of 5 feat 3 incnes. By using 
longitudinal stringers any peivaaaeat uoflaction of the floor botweoa 
stringers vdil not destroy the saooth ridin,^ quality built into tho floor. 
An atte-ipt ivas ttade to fasten the floor and the stringer together to act 
as coiapositc bc-avta. Investigation pi’ovoci Uiat this was l.ipracticai. in- 
stead, each stringer is designed as caatinuouc over tho seven panels. 

The roadway loadings as ecifiad by the contest specifiootioas 
SI'S iaentical to the H20-44 1- - given by the , in thoir 

194/* 5]X)Cif ications. 

Field erection of this bridge is ftslt to be an additioruil 
ai v-u'itage. If conditions per.iit, the girder will be co.uplotoly shop 
assenbled and transported to the site in ono piece. There it wijJL be 
installed and used as th® base for ail further erection. 1th the 
girder up the floor bi^ are erected in pairs by use of a wide 
erection piece that straddles tho top of the girder between the boaas 
and holds the;.i in place for welding. ;iofore welding the stringers rest 
on the top flanges of the beans without tho use of special fastenings. 

As soon as the string-ers are set, tho steel grid uay be laid and 
i ined lately used as a won'.lnj platforya for tho re.*ainder of the erection 
and finishing. 

Looking over the coiipleted design, the authors fosl that they 
have acco.';plishod at least in so. .e .coasure the following: First, the 
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sections of the cantilever beans, the girder, ^ind tho floor s;fstea 
r.<artioularly adapted to woldinj; practices. Second, Cw-iplota ise is 
made of the . ♦terisl, -ich - was proportioned thr^u,;hout its 

length, pith due roi;eri to costs, for nejiaam ailowe ue otrcsc. Third, 
the total dead loao of t^ie structure ,eot to a 'Lninun .vir^ res 

favorably with the dosljned value of live load that it vdll ou- ort. 
Fourth, tho brid ^‘0 is *de uf si t»:le oonrononts that fit to^ieiher in a 
si->plo manner. 

”If a work such as a bridje be well coujXieed construct- 
ively, whatever .lay be the constituent ;.i£terial or .’."tcriuls 
ttcployed, and wiistevar .■i«iy no the Kino of construct .on, it 
-un r _• fail to be on aji’eeable object for it will cer- 
tainly possess the osacntials to tooity in arc^itectu^ul 
ao.,p'-ooition, siiplirity, cni harmony. The introduction of 
anythLns not necessary to the constniction, the oiissfon 

t is re ;^uisito, or the substitution of a had ex-; ,. t 
for u £;ood one, will as5u:’sd:y tell injuriously u. :>■. tic 
!h' i'iP. it ,nt soever the observer 5«y bo to deter. Lia the 
causa of tho defect, or even in hat the defect juj consist. 
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By deslifnitig the ^rld£;e "fraa iho to; down," tiuit is, the i'loor oystofa 
first and the i;irder la-t, it wus j,xjES3ible to oil. ilnate .;ost of tho juess 
woiv: involved in choosiaj the deed loedo that 'nore t;*;iasi..iLted to each 
atructurel nouoor. tnly the deed woijlit of ti'ia leaber beln;; i;;vcat.^..etcd 
needed to be asounsd for its prelininsry desijn. Therefore, the uesija 
proceeded in this order: 

Curb and sjuard 'iails 



Floor .3ystc-d 
Floor Stririf^ei's 
CantilevGi’ i!oa»a3 
Main ■.'iiinior 



bridge dent 

Oi'dinarily, the aosijn of the molded coiaiectiona wao act consia- 
ered at the tine the ner.iber was iavectlratod. These v.'cld sir.os axid de- 
tails of their application were nado a part of Lh.t detail drawinjo a.nd 
dasi.jn of tho-n vtas done at tlnut tl.iO. 

In tha fuilowia, dlec.isaion roforoncc vjill oe ,rade to all the as- 
sumptions .code in the doaij,a of each structural co. inonoiit. However, 
only that asau:apt.lon that finally ruled the aosipn .'lof ion UaH oq incJ-uded 
in the desi.jn oo.'npututions that are tabulated in the next section of this 



paper. 

hhon reudinj through the iaX| lanotion of th, doax. ;n procedure, it ..ay 
be helpful to refer to the drawin^- in the appendix. do juate det.!ills 
have been praj)ared for all portions of the structure. 
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CUuBL.G rtl'.D ^>1LS 

It Ti»4iO foil that tideiiUale attention is too ofto . 4i t,,j de- 

siijn of cdfbs and railiii,„3. ’.eli chosen pro}x>i*tioriK for th.; .•silia;_ .any 
add -.uch to tnc funua;.n?nt^<l ;^T„,cef'ain'jss of Lh . sil. i horitio ital oi'iat.Q 
linos. Convarsaly, v-i hastily accaytod roiiin^ aasljn .:^iy upset tl'ie 
whole balanca of the aria^e. 

Both curbs aivj ^niIin^;s v/o..-a deaija'^a in accoraaace with the ...uar- 
ioan luatitute of I’toel Construction .folder, ‘’eridye iailLsi^.s, Thoir De- 
s4iri and Constructior;. " The distnrica between curbs is two feet jx’Quter 
than the auproachiiij hijiiway pcvs ao:.t width, •• curb nine inenus h.idh is 
used, which v/ili deflect tx c^r cirwd yet not catch fcii,;ers or rannin.^ oon:*cis. 
To provide a substantial euro a horii’.ontal fc^'ce o.f iitX) pou^ids per ij-iieul 
foot v«cs applied ut the top of th- euro. 

The inside railin,, feces &ru sot boc/. oi^nteeu Ifiches fro..i the curb 
line. « smooth r^iiinp surfaco la jar isonted to trofx'’*c. (.-n the lower 
rail a horizoatui desiijii force of 500 p'ounus iin-jol foot was apfxlied. 
The two top rails rk.d a aoricoatal force of 150 i-.ouncis per xincal foot 
applied. vertical force of 100 j.ounds lia--ai foot wnc applied to 

each rail. The spucin,' of rjilifit^B was cnoc.-.n to _ivc a heij^ht tiv^t did 
not harcifuily obstruct the oiotorist's vieiv. it,t it la wuo .uatc for 
safety -ne co>:.plL-i«nLs th j jracafulnoas of the briuje'o elevation. 

To bulaaco tho upper uan lower iX>x'tions of the orid^c as viewed 
in elivatloa it was nricsss.try to spaoe iae Vortical railiiit; p,cstj on 
8 foot 6 inch ceiitors, which is a lUi valent to one-half a f«>nel ioiVjth. 

These posts ar>.j anenored to the exterior floor str..ujjrs at Oach jwncl 
point and aid-pansl point. 
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A tioldiriij of ■’ i 
belov tivj Ciint Hover 
and serves to finloh 



fit letal oxtends fi’o-.i the curb level to Juct 

botto'i i’lanjQ on o’jtHde of t le raillnfj 
the outside ed -o of the roadway. 
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FLuOR b'nrji 

A steal concret -filled, fioor^n;j ‘.-us aiiosoa for its &d- 

ii„ntries3, stronjth, le;ii; life, ocD;io..iy, aaa ease of in- 
stallation. The savi.i\’ in v!Oi._jht is not a s.jdll iten. The 1' inch 
depth chooBD, v»^th its 1 irich oitu^dnous wearinj surface, »n>i^as only 
60 pounds per square foot, if a non.Xil concrete slab Viero laid, the 
depth including A-cnr.i.n^ S;,;rface Mould be at least 10 iuones and w...uld 
wel;,'h LiJ pounds por s>iuara foot. The saving: in floor da..d load is, 
therefore, in ou.cesa of 50 per cent, a considerable ite i wh* ,i t!v, floor 
area a^sounts to i-iorc than JluO s-iuarc fscL as it docs Ln L is oridjo. 
This reduced deed ioao results in a. decrease m slsa of ail other struc- 
tural «e.*ber3, strifi;erc, !.>e&.na, ana jirder. donee, a ll^;htoT, ,.;or 
s;racoful bridi^o is possible. Aithou,:h an vconocic el.*dr is difficult 
for the cathorc to it x... felt t!iat the added cost of the steal 

floor aycto;.! is esoi'e tnan uainnccu by a savir.,; j.n concrete for .2 ana 
wcij;ht3 of j.iatarisl su;.-piiad for the otnsr structur-i co-ipononta. 

;lnso of installation la an importarit «uva^ta^,e of tne steel drod 
floor, it rcach:.s the or.i.djo site air&aoy cat to the (,'rop>er lan^ptns 
and widths -^n-. wxth openi:).^3 cut as necessary for dr^iias. It rests 
directly on the upper fiarit^cs of too sti*in„ors an.* is welded to tno.. to 
provide a rijid natworr. of steel at ti:o floor level to resist lateral 
and lori(;iLudinal loads. 

Lurin;; erection th- steel tjrio is laiid aiu welded to the stringers, 
by uslxii; dnitod states ^teel ;.r...orad I-deaii.-oOK , iijht i.eta_ f.)r... 

strips fit b^twoer. the f»iin beans of t’lo floorc i.; on its under Jxcie and 
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.'iCt as ror..s for th« concroto ^nd as a protoction for uie undersioo of 
the ilcor * *hcse sti*xrs arw g.io{' o3sa-«bjt ju ano vraxdcd lo LIjG flooi* sys— 
te.^. Th'j corjcrete i^ay ho poared I’ru.i transit-..tic truot.s run.-i^.i^ o;'.tu t!ie 
bria,;e over tho otooi 

Tho Gtresso.'; resaitin-, fru.,; whoox ioau cons atrv-tloas on the floor 
oysto.t ana tno influence of thj ciloirj.buti.on of thasu loiOo o»i Lne .10 lonts 
studloci h^is bean husod on aho tuco-^y proi.’vjseu oy i rof# n* io 'CStcc^yaarci^ 
of the University of iiii;ioiSj ana uodifinl by tho nurcoa of . ublic ioacis. 
These ..lodificat xons were uoveiopoo to sl.r.iify tho ciesl^^ii oo.-ij.utc.tlons 
for the tv;o types of iio.ii‘3nt co.ici.ilj.oiiS j first, for orldja floor .ilsos 
with i-j-iin reinfor,;e.,;ont parailci to the directx.jn of Lr„rfi.c; ori second, 
najji rexfiforce .isat transverse to to.; direction of traffic, f'lis seconeJ 
condition was cnosen for the clesir.n. 



In this bridjo tho floor WaS . isuo continuous over aeverni supports 
and is firuly »?olded to tns stri.ij;er flan 'es to prouuce for proctical 
considerations a fully restruined cond..tlon. To allow for so-io fl^cc- 
ibiiity ell stresses Koro 00 ... puled for on euo ruotraint of 75 oor coat. 
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LC'riGITUDli.AL FLX).l ST iClGE.lG 

To support the floor a oystm of longitudinal atrinjerc v;as used. 

This ailov/3 tlio sajj of tJie floor to be ijarallel to the truffia travel 
and does not hinder the siaooth ridin^; charaoteristica of Lho bridi;e, 

Tto noraal span of the stringers betwoori the Gantilever ucaias is 17 foet. 
/oiy typical croas-soction aontairiS four stringers, tv»o on each side of 
the centurlino. They are spaced 7.25 foet asid 12.50 foet, respectively, 
froa the centerline. The aain girder also acts as support for tix) floor, 
handling the loads over the center section of tiie traffic area. 

Tiiroo altornativo desi^jis woi*o considered. First, the feasibij.ity 
of composite action of the stririgjor and a ;x)rtlon of the coaoroto in the 
floor iiaiiediataly above was considered, Gy asauaing t!» designed floor 
depth in co'-feination with various oearu siaes, stresses were computed by 
trnnsforasd section analysis, Jiaco tJie concrete stresses had to be 
Buparlipooed ur.>on tnose stresses already existLng because of slab action, 
the actual allowable stress in the concrete was low. This neant Uiat the 
floor I'Kiuid have to be taade thio-rer to increase the concrete area and 
the concrete stress available to resist this conposite bean action. The 
gain in weight of the thickened s'lnb could not be regained in a sirdlar 
saving in weiijhts of the four strixjgor sections. Th-croforo, this alter- 
native was abandoned, 

lho second design was based on si .iplo bean action for each stringer. 
This gave a reasonable section for tho atrii^gers and was kep;t in reserve 
in case t,‘i3 stringer-to-beaia connection booimie unwieldy. After the de- 
si,;n of tho boa;cs, it uecafue apparent that this solution was not necessai'y. 
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Tho final altornaliva was to oonsidor the stringers as continuous 
over the entire seven panel lenjths of the bridge. .Any splices are nvide 
where study showed that ,io.aont values wore lovi. lior.'ia ly this is co.- 
sidored to be about one-fifth of tho panel lon/;th fron any support. 

Using such a long continuous bean, it was uncertain whether the lane 
loadings or the truck loadings as siiecified v'ouid pz’oduce the greater 
noaents. Investigation snowed tliat uionzsnts over tho suopoz*ts wore 
greater for the lane loanings. The .*dd-opari iionents, however, wore 
greater for ths ti'uok loadings, .-.nd these no .ants ruled -the dosigii of 
the stringer. 

A slight increase in we,ight per foot was allowed in order to roduce 
the stringer depth to a practical <3iniau-u This increase eruountod to 
6 pounds per foot in the three canter panels and 4 ptcunds p ;r foot in 
tho four exterior p^anols over the weights of tie ..lost ecouo.aioai sections. 
ThJ.s is an ovor all weight increase of about 2200 jiotuds iti the bridge. 
Interior and exterior stringers were nado tho safno clnce the curb posi- 
tion allowed tho sarae loads to none onto the exterior stringer as were 
used for interior strinj^-er design. Ordinary wide-flange sections wero 
chosen, Tho loads appi-ied aside such a section ideal in resisting the 
generated noaents, Tho floor fits snugly on the top flange; the bottoa 
flange rests upon the cantilever beaa tnd is welded to it . Uo difficult 
fra.aing was needed. 
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CAimiJiV.': i FLOO?. 3£A1!3 

The U39 of the wedjo bo.m section for the c&ntilovor floor bearns 
was chosen «s the siKsplest of several shapes that offered tiTOnsoives for 
this structural i-ieaber. At first, a tapered box section was conaiaered 
to V>e t.iore attractive to the observer. However, this type of section had 
no structural advantages, find it had the L'aportsnt disadvantage of being 
an expensive fabrication and erection job. 

Another consideration was the built-up section consisting of a web 
plate and two flanges, with the lower flange bent to sorao curved profile, 
Dost probi-ibly parabolic. This lof;or cuinfo would add gracefuilness to the 
underside of tt^io bridge and wauld possibly confom to the revioiro.nents of 
the appiiod tiomenta. This desi,;n was discarded because of the added cost 
of fabrication with o siy sr.all saving in the weights of steel over the 
triehgular wedge shape. 

As previously .itsilioned in the early pages of this report, the wedge 
boaci has the advantages of attractiveness, iijhtrioss, and ocorio-rdcal use 
of fictal to resist the shears a^ui i.ioiatji'its. A sttindard rolled wide flange 
section vfas crosen as Iho parent :mterial. It was split along its web 
in a straight diagonal line for the full length of one ca tilever beaTi, 
This diagonal cut war. so proportioned that the wobs el's rojointsd along 
the cut after one half of tlis bear, is rovor.ned end for end. with the 
proper design it was pos.sible to .iakc tte section 'aodulus curve of the 
newly welded wedge parallel to the re juired section .tiodulus of the 
cantilever oeam. And this fabrication renuires but one flaiae cutting 
and on s.hop wold for each wedge bean. 

It was feared that the wedge r, light not tovo the roguired stiffness 
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to resist excessive deflection tendencies. To investigate tfi3 deflection 
it was necessary to a caaoined grapnical and analytical solution of 

the beam by the slope deflection ..lethoci. The deflection »as not critical, 
indicating thuit the extra stiffness near the si^sport iore than compensated 
for the beam's flexibility near its free end. 
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For rosist&nco to torsional shoui* th« nocL offlulont cross-section 
that could bo applied to this bridge was the sy..L';ietric«il box <vith mounded 
corners. However, the r^itcriai iii this oi-oss-section also was called 
upon to resist tranoverso shear ir> the v/ob portions and direct stresses 
in the flange portions. This lad to tho ado'tion of a baK section with 
rounded corners that had very heavy flanjos to develop the necessary 
no;.sjnt of inox-tia to resist tho benaiiig ;;io:ac;nts, with only lL';ht web 
pieces to resist shear. 

Preliminary studios iauicatod that the torsional ahonr would be 
s;aall co..iparefi to tho transverse shear and be iding stresses, Conso ,uantj.y, 
the girder was desijfied for those latter forces only, and an allowance 
was .node in prorortioning the .noiivbors to Koep the stresses slightly be- 
low ttieir Uniting values, those stresses were later coj.ibined by 

principal stresses with the torsional shear, the total stresses woro 
still bslov* their liaits. 

Rounded cornsra were uced for two pu poses. First, these corners, 
raude with ado-iuate radii, cli_dnate any concentration of the torsional 
stress as it flows around the cross-section. Those concenti'ations when 
caused by s -tiaro corners arc not properly iiivestigated, and 1 ading 
authorities disagree on tho increase to be assumed, Kost allow a 150 to 
200 per cunt Increase, Second, rounded corners ollainato the use of 
fillet welds at points of stracs concentration, a condition pro..ibited 
by v/elding specifications. 

The i,irdi,r cross-section was designed for .comont at tho end sup£X)rtc 
and at the center of the span, i\t those points the steel was proj-ortioned 
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so that one size of p!Uilo is used for both flanjes end another size for 
both wobs throujhout the entire length of the gii'der. Any necessary in- 
crease in iionant of in rtia was handled by the parabolic curve of ttie 
bottom fltitige, which increased the depth of tue irder frou 5 feet at the 
mid-span to 8 feat at the supports. These design dimonsions for the 
parabola were influenced by tho appearance in elevation as well as by 
the re -jui remen ts for .'aonent of inertia. Fortunately, the two conditions 
did not contradict one another. 

For negative nonant over the supports 100 per cent fixity was assumed, 
for this gave the Vforct condition. For i.iaxinum positive mo.nent at mid- 
span the rigidity was reduced to 75 pur cunt to allow for any snvill defor.;ia- 
tions of the bridge seat. In the first solutioa of the gii’der it was 
necessary to consider it as doing of uniform cross-section tliroughoat and 
to be simply supfxjrted. Under these assumptions four loa'.Lng conditions 
were tested, all of which gave practicsUy identical results. Then the 
va..uc of moment chosen was ..odified accorting to the effect of end restraint 
on moments existing at the sup^iorts ^.nd at mid-span. These modified .:io.icnts 
were designated as the trial design aoments, fro.i which the first pro- 
portioning of tho girder nas .made. 

V.'ith the girder dimensions chosen the ..lO ient of inertia of sections 
along the s;an was co.mputcsd. The cube root of all those M.'ionts of in- 
ertia were plotted against distance aionj the girder, Tha resultant 
curve approached a rxirabola so tiiat it was considered safe to use t!ie 
Handbook of Framo Constants as published by the Poi’tiand Co-^nt Association 
for calculstion of the fixed end inoiaoimts. 

Tor uQ conditions along the girder wore exa: lined for r-11 conditions 
of unbalanced loading. From this inspection it was shown that tho 
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toraional atiear could vary fx'ofn zero to ono dofinlte .caxijnua, arid that 
this 30 SK 5 maxinaa could exist at any point uionj^* tho jirdor croas- 
soction, the raa>'.irta”i shear shifting as the .'iaxlnua un’oalanced loads 
shifted. 
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I3,iI0(JE SEAT 



Four soaeti'ies incoxoatiblo funotioaB had to be porforaed by the 
bridge seat in order tk.t it resist the forces brought to It by t!ie 
main girder. First, it was to carry the vortical tlirusts to the pier 
or abutment, decond, it nad to resist th;, end Lio.-iento, tiat is, it 
must b:? rigid in the pl^uie of the longitudinal centerline of the bridge, 
Thii^l, it had to resist the transverse tor.ue by being rigid in a tra:is- 
vorse plane, Fourth, it vias to allow for the expansion of the girder 
over the specified te-rirwraturo rang-es expected. It is boiioved tJat 
the joint as designed satisfies all those conditions and is still not 
overly complex. 
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jUitri Tallin as 



AsSLL.ie a curb 9 inches hijh. Support the inside of the curb on 
the floor over the exterior stringer. Support the outside edge of 
the curb on a channel section rui'ining betvjean railing posts. 

Loads . 



Horizontal — 5^0 lbs. per foot of curb 
Vertical — Dead load — 169 lbs. par foot of curb 

lJ.ve Load — One front wheel of design track 
or LOUD lbs. placed critically 
Shear between curb and flooring. 

H = 500 lbs. per foot 

uteel area re .uired to resist shear = 500 - 0.037 sq. ins. 

130U0 

C.hannel section, 

rtS3u..ie 2 of wneel load and | of dead load are supported by 
channel and the renainder supported on exterior stringer. 
Assume channel simply supported at each railing post. 

Moments . 

Dead Load. M i wl^ = lb9 x 8.5^ = 7o2 ft. los. 

8 2x8 

uive uoad. Ji = H. = LOOP x 8 . 5 =■ A25'0 ft. lbs. 

U X X A. 

Impact. 50 = 0.375 

8.5 ^ 125 



use 0.30 


A250 X 


.50 = 1275 


ft. 


l-'S. 


Total '{oinent. 




bu87 


ft. 


lbs . 


:equired section Modulus 


= 6287 X 


12 = A . 19 


cu. 


iaa , 



18000 
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Use a b X 2 X 8.2 lb. cba uiel; o - oa. LiS. 
i r(AILI:'i-l 
53 pan. 8.‘j ft- 
Live Loavis. 

Horizoiital — 580 lbs. per foot 
Vertical — 100 Id.^. per foot 

bhear. 

Horizontal — 500 x 8. 5 = 2125 lbs 

2 

Vertical — 100 x 3. 5 =• 425 lbs 

}'.oment . 

Horizontal — 500 x r . 5*^ = 4510 ft los 

8 

Vertical — 100 x 8.5^ = 902 ft lbs 

8 

Use f = 18000 psi 
{equired Section ’’odulus. 

/ 

S|^ = 4510 X 12 = 3 cu ins 
18000 

S = 902 X 12 = 0.602 cu ins 
13000 

Try a cross-section 6" x 2” x 3/16" 

ly = 2Ax^ * 2 b h3 =■ 2 X 2 X 3/l6 x 2.9o6^ 

12 ' 

-► 2 X 3/16 X ^ = 13.07 in4 

12 

= 13.07 = 4.35 cu ins 

3 

- 2 X 6 X 3/16 X 0.906“^ + 2 X 3/l6 x _^ = 2.07 in''-^ 

12 ■ 

= 2.07 cu ins 



1 



i 



i rih linin'} 

onan. 3.5 fl-. 

Live Loads. 

Horizoatai -- 15o xi .;. per i- ‘ 
Vertical — 1 x) lbs. p^r foot 

whea" . 

ri'orizoatal — 15t x 3 , 5 - 638 ibs 

j 



Vertical 
vlciiient . 



100 X 8.3 =4^3 ibs 



Horizontal -- i3u x 8 . 3'^ - 1353 t’t I os 

8 

vertical — IjC x . 3'^ = 903 ft los 

8 

Use f = 180U0 tsi 

iecjuired section Modulus, 

- 1353 X 13 = C.9 cu ins 
18000 

Sy = 903 X 12 = ..6u2 cu ins 
18UU0 

Try a cross-section 6’' x 2 " x 1,- 3'' 

T.^ - 2 X 2 X 1/8 X ♦ 2 X 1, 8 X - 



’.8 -.-pr 



V, ' S .3 => 1.93 cu ins 

[, = 2 X 6 X 1/8 7 . 0, » 2 X 138 X - l.u? in'- 






0 = l.i-t? = cu ins 

V — 

X 



i. i 1 t,oT.' 



;pan. p -luO ilev r' - 10" 



ive ..io,s 



■ee FL;;ure at 

.ear. 

iiorizonLal 5526 
Vj.'ticaL — 3700 i-oj 



■oinyat , 



425 u Y. 2.534 = llOCU ft .Lbs 




TTTTTTTTTZ 



1276 X 5.33 = 4430 ft. I 03 

1700 X 0.1.7 = -34 ft lbs 

Total = lOlo., ft ibs 

■iequired Section ..oaulus. 

= 16164 X 12 = 10.77 ins 

18000 

Try a cross-section 4,-" x 4,*" -x ,V' 

Area = 4 x x = v sc, in.s . f. lo'* s.sjsr. 

I = 2 X X 4 ' .X L 2 X •• X 4 = 25 . b i'A 

12 

3 = 25.0 = 11.35 cu ins 



a . l.5 



O" ox 



. 1 .. 



Uoe a 






>X cj;: 



.1^. 



I 

Use ^'tates oteel i oeau i^ok .-\r lored ^lah?. 

L,ay transverse to traffic flc^, 

o < * I ^ .* t e strd3ir3^> Dy nidified .estt;r'£;dai'u theory. 



5 



par. . 



ttrin^er 3paoi .£ = 5-«i'5 I't 

-■jSu, le strinjer flanges ■h irioh.es Aioe. 

^iear spaa - j.^‘: ft - B ins - U it 7 i.ns 

..esi^in snan = 4' - 7" + B" = /+ fi- li ins 

h 

nssm.o a icnclithin slao. irior spar.s a -Puneci to have a 

per cent enn reatraint coaaition. aesi.p'i a p^^rtion of 

\ 

Slab 1 fo't v.ide. 



Loads. 



Leac Loads 



..earin..' surface 



1 X 1 /. 1 X itO 




il.5 lbs per 



/%ps.i.e '• inch i hea:.i Loii ,,r. .oreu ^ .7.0 -ioa pjr 

Total = 59.“' Ins per 

j_ive LOtiQS 

Track loaai i- r iles 

i front axle of Bu ) j.bs (, hO'~-‘J per wneel; 

1 rear axle of piuOO lbs (, I6w A) per wneej.; 
Impact Allowance 



I = ^ 



span iti feet 



n ^ 

f ,> 

no 



foot 

fon*: 

foot 



w.j^i'e L j.:. tUc iCo 



iX ^ p.' 



Use ■- 



.,e<- to i'i- Pt , 




•i.;SltiV'fc3 ..lU .-ilit 

.-3.0 = V>'-..^ -■ / • "i -i ‘ -t- > - x<' 



xVv_- :_Oa’J ^ 



j.'jt 



X..' 



lOOoO X . 7 I / 

, 0-^ X -‘.Vl? <■ Iti 






X'.io&et — o» X x.jxJ ■ 

Total = 

ij.^3 re^iUltiri ; fro..t oo.-i'ive j: t 
-■-c' io^* T..anlxs of c^'.,.i :'=_i i cn.! jr-^t ^ ,^. 

-yeotlor ' jQi.liPS '^f te ile 'Peel Ci .■ 

» .'It? I!.DGVO Vcta..AtiS a S'- ' 'ci ;'0 Vj x'jC i 



.^. ft h 



ft xOx 



Oj lO i't3 w C? O . 



■ / K 



n51 



>toel _trexo 






= i, 



.■ji , .'••ioe c^.::rete ' ' ured ‘ ' :'i;.l I .-ea * ok , r-or 



ae a v_ lae of n r it io Uoed a-iu : :i r ’-x-b-oc al'O'.ed 
are: for ton*’'’'.- e, ; = ! x, :i f( f t tl, > :li. 

^ I e io a-'.ii, - .)Z to - . . ■■ .'_x.-e ^i. t-ii..ion. 



. jtive I 

ud-iiu lo^Q — W.u^ - , , , \> ^ ^ ^ f — 1 L 

IJ lu 

^ive loa.. = - O.US^p i 

i.:-.c:. .- Ih 

16 OOP X , /I'l - X Itj-j Aj = JU'-'J ft ibo 





1 . j*c X 


i- • 


''17 • 14 




I.Tipazt = 


0.30 X 


3000 = VJO ft lb'- 




Total = 








^L/^.4 Xt Ioj 


^treoses r=o^- 


..tl’i^ fro.. 


nejativc ./.oraant 




.. fci lO.i 


,'oaului 


o r 


OOiriC'.'’c:5C II COTiCr^^tS =■ 


"6.3 tj ip.s 




' jaulus 


Cl 


ti_nj..la sLadl = -i.'U 


11 . * . s 


Ccac ''-jte 


„tro-5 




= ......iit; A 1.- - •■‘to. 


: ci 



tddl titrOSS = ■ -■ X 1.‘' 19''-^P‘ ■' t'ol 

;.3 .:.S4 

T'-c 3tee* sti'ess is a iu-tlt; ever thu a.^ v.tblii va^ue 
c .adan . ut v,i,l ae aue';'rtu /-.^t.'ii'i t nc 'iiioi, ;i xi.ij.T,^ 

■L th-: ■.•.•o’'ie-.. 






-/Sol *r. 



- 1" f .-r. 



.oa». s , 

hvaci ',03' 



/ : vT ^ : X 3 .. 






.' • : a ■ = 

'..L\ e ..oa-u^ 

. :'’U -iv iuaU'l.i 

IdC© OilcJ L'-J .• 

. ' . , /a 0 1 n lL ^ an c 6 

T C 

^ = 



i ‘ r* 1 O', t 
' -'t^r fc 

■ r fo'. t 



ru i.aa ova'” 
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*» ’.ent;! , 



..oa.i J.-01C - vvj. 






• LVl = 



a : X 



4 . . i. .^v ..iV r .'J. 



i3 .Jiv*lU£'. 
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lotstion pt-r inch -Lenrt*'- = .30000709 radian ner inch 

Total roatati n at .'.lio-srian = ..J0u00?09 x DO x 12 

X 130 = .293 de5’rees 

i.lU 

lid-span deflection = 15 x 12 x t,n 0.293 = 0.553 inches 
Total Stresses. 

Vi'eb stress ^ vertical shear torsional shear 

jit support = 5220 1- 2225 - ?445 psi 

At iiiid-span = 2470 + 2225 = 4695 psi 

Flange stress = Bending stress > torsional shear 

Co.iiblne by principal stresses 

At support = f t- (f£ r 
2 U 

= 19300 + ( 15500 ^ - ^..25^') = 15620 psi 

2 k 

At !, lid-span = 16 500 ^ (16500 ^ » 22.25^)1 = 16830 psi 
2 h 

Girder uef lection Unaer design Load. 

Assuiae 100 per cent end restraint fit suprx>rts and 

conpute dei'lection by slope deflection laethod. 

riot ?.!/! diag ra;ii to find its area and center of gravity. 

I'legative area = 5.478 .<ir^ ft , G.G. = 49.97' from mid-span 

in'* 

lositive area = 6.17 aLp ft , C. j. =-1.^.0fc' from mid-span 

— ■ 

1.1-^ 

-onent of '{/l diagra.') = 3t»500 Ain/ia 
' deflection at mid-span = 30500 = 1.615 ins 

puuuo 

Usual allowable deflection - scan - 120 x lA = 1.8 ins 
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iiLilu-ji f 

'n or’uer to resist tne benain^/ Tr'enL ana the appj.iec! toraue ana 
jt the; same time allow sor.ia horizontal lonjirnainal movenent, it 
v;as leoideri to ase a three plate as. e. holy lor tne end come;otijn 
w'iirii vioui.i.! allow some sliain*;. The mifldle rlate is the slidin,^ 

■ 3.ate and is an enlarged sontir.uat itri of the bottom flange of the 
jirner. The . irder top t'lanre is Pent in an art of c! foot radius 
and v.el ;ed to the .sliding plate. he flan^’e fiore stress is thus 
- ■.•/■'tnly traps t,o a vortical forja. .hreo wsb plates are used 
in the ena c^nnecti n to tra;i.sfer t.ho shear. 



Lr i i 



losija tniokness to ro-ist tne verticai force of the top flan^’e 



vviure it joins the s_ici ifj plate. 

_ i3 4 ► 

T*r F"lamc,c ^ 4 



h- 



Plate 



7-^/4 



SL-l^tNC»• PuATe 



3^ 



Masonry Plati; 



K-fHiVs' 



\"n 

i 7. iS K*. 



A>Jcnc»^ 301*7 



6 -7 



■:ient under .late ■= o,7 x 



7.15 X .-dj8^ 



- Ai/.lb in rcirs 

(epij.red nectimi f;od'..ius = .46 - l .<,5 in^ 

18 

t ] 

ie.iui"od tiiicuaess - ( Of ) e = (6 x 1 . d 5 J <?.75 in Use 3 incJi 

1 



59 



^-ASr-. iY f in? 

Use a 3/4 inch plate fc, ' this plate. The ax’ca oC beodiu.j is lot 
cj’LLicai . 

Jr-. F } Lh ’TSG 

use 3 i:xch I lates to i^ive then the So,ae relative stiffnesses as 
S-iaLng slate j.n oraer to Keen, a nlane surface betvveeii then. 
fiNCh'Ol 3CLTS 

.iequired section <uodu,tus to reoist bencin^ ao.ient. 

lonsinex’ c riorete bearing area in conpreuSxo'i and tne 

bo its in tension. Use bolt tension = 13.5 Ksi. 

= 77^0 X lv)00 li = bdriU ins> 

13500 

Keiitral Axis of co.ipression concrete and tension steel. 

Cpace 2;i inch bolts as snown. Jolt area = 3.9?o in'^ 
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Solve for y 

' ^ X -i'o./o > 7y; t ^ x i,v76(13v.75 f 2yj 

y = 0 .j 5 in /issu.iptiun for .-eutr;il xxis correct 

...o lent of j.nei’tla of cornpressioti concrete and tension steel, 

: = 3 [ llUl.65)3 j ^ .^3. 8(16. 35^ ^ 18.35“^ * 40.35’ - 5-c.35‘"- 
i 

61.35^ * 76.10^) . 7.75(64.35'’- - 76. lO^) 

- 556000 in6 
Section Liodulus . 

S = 5560C»0 = 7310 in^ Adequate. 

76 ,'io 

■tei^uired Section !{odulns to resist torsion. 

Consider concrete 6ear_nv area in coiapress Lon ann trie oolts 
in tension, 

S = 3035 -' O X 12 = 778 in^ 

13500 

riad neutral axis and iao.jent of inertia of C'-.ncrete and steel by 
tne sane .netnod as just described above. 

I = 315UOO i.-/‘ c = 66.04 in 
-ection Modulus. 

S = 315000 = 4770 itP Adequate. 
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.;.v x:. i . Hy 


Author 


Title •n.'.i . a vu.r 


nil' deduction 


l!ar,u;.l of t'csi u I.:.- i-c ...-.ea 

otructurec. lirst xLt_on: ,.ir Ja-i jot. •>, n 
.^alec. do. '. any; Ao’„‘ Tork ; 


aasi'ican of 

Gtate 151 hwty Offi^iF-la 


■.'tunderci . i;oa.,.ric‘-.L...c.r for hi ’'ii;;'’/ 
d.’*ld ;tis . Fo’jrth ..-nsriCiun 

■.jjoclatJofi of -teto IX l.o^y Cff-cL.^; 
ashii\rton, d,; 1V*4. 


A;aerioan Iiiatitute - f 
6toel Coi’.stractlon 


;iricl-*e P.sll'Li*eo Ti.iir esaina and 
Goes ti'uct ion: -xQ.’xciu .u-.stituto of 
Iteel Conet raction; fer.. Yor:; lt-41<, 


Aaericua Inatituto of 
Steel "•’n't ’’action 


steel Co.nat rant Ion, iiftii 
yvierioan Institute of ..tiel Goi:- 
ct ruction; L'o’.- Yo”k; I'/X, 


Anerican el -in,; Societj’ 


■tandard o'.'5cifioat>MC for s.l-’.cd 
Ui.rway Iri. oo. Fvjurth 

..■’/•Iticn; a rievx oL’in'’ '.o-cict’.-; 
Yon-; 1917. 


/inirikian, 


lUiolvsic Ox 91 -V ’’’rones; d-ilteJ -:t«Leo 
Govern ' rintLnj \ ac^iiivjtoa, 

•» . *?c/ ;• 

•'A e j • 


Grinter, 1. .. 


Thoor.; of ':od’:riC tvcl . trcct'v'ns. Ycl’U^? 
I; i'ls ..uic'- ill-xH Ic. -■■■ ny; '.>.r .-k; 1947. 


Kinney, • , .v. 


Indetor .li-vite .Ctrictui’cs; i<»n"aclaer 
lolytec'iTilc Institute; Troy, ... Y.; l;43. 


Lincoln ,.rc jlJin/; 
Foundation 


xCoL-n for ;eldl*.. :: T.a-' J.- .c . f. Xncoln 
rc , e_diny FconJatlon; "lei'-el .rai, ‘ 194o, 


Seely, B. 


i.dvanced Mochrnics of J. .IxC./ 

and ^.ons; Itr. y'..rk; 1932. 


Tinoehent'o, 


Theor ■ of -1 .otic It;, : ■„ .uvs-l.-'Ll '.xoL 

Jo ipeny; ito’ Yo:’9; 19 J4. 


Latoon, . I’, 


Bx-iddo , .ro.iltccturc; , i'al' mn Lnc,; 

..•iT '’'o'Kj X;.:7. 











K 



I 












MIM I 












li 









MA M • 




4i^ 



Mf 4 li^u 



63 



:.rticlig ind 



Co t;, <,<:■. ii,G ,tet.l -jc-^-i ,,nd :o.-!c*\to 
■S£ A'jg£iui — IjOPlety ; ' iy, i;45j 



- _...^ tj * X\j.^ C w * j t; 0111*1. i^il 
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"»!ost JGoutinu ..tocl -v-oo or noot Y.ars-'; .. 

'-'otu-wr ?, ^y‘^ 3 ; ,-r, 1,-15. - — 

s'c\>^.A •■ ’o. .. ,., ind .tracts: 
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i-r 4 > P 
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Sv^.j.ce, jnn^aa"j Jin: .:^ idiit’ 3 cr ; (..utoocr Li, 1 ^ 46 ; ,p j. 6 - 317 , 

PoX*3j.On ox -_v 5 l»OC 2*S ;tiV ii >‘i'\<^ • ^-s ’■yw^ * .-i, ^ 

>onort 10 Y:: -..4 T i - xroi’oit .oiutruct Lon'' j 

..oport uo, ni't^oaai ..oviau-j' Co .•inttee for ;.er. nnut' 03 - .Ja-t 

of oocuWoaj ..asMay'.on, .. . -*o..ws, oa,.i,. 

"-elded^^.ixrdor Crxot.'e of Co .{.ooxte oofaiji 

Acroo ; xl^S“_i222i::dj :'»oc©.;ibsi* 16, 1946| ,.p 43-5U, 
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iiJ 22 -JSd 2 £d; i;a.'io.iry C3 1 . 4 .->; ;>n ^ 
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